Introduction
============

The World Health Organization (WHO) estimates that there are 1.3 to 4.0 million cholera cases annually and that 21 000 to 143 000 of them result in death.[@R1] Additionally, in cholera-endemic countries, 1.3 billion people are at risk of cholera.[@R2] The high morbidity and consequent mortality caused by cholera is attributable to several factors, including lack of access to safe drinking water, poor sanitation and poor hygiene practices (WASH).[@R3] Recent estimates suggest that cholera is endemic in 69 countries, with sub-Saharan Africa accounting for the majority of cases between 2008 and 2012 (7.0 of 11.6 million; 60%), followed by South East Asia (3.4 of 11.6 million; 29%).[@R2]

Improving water and sanitation is the preferred choice for cholera control in the long-term. Although progress has been made towards providing universal access to piped water and water treatment,[@R4] 663 million people worldwide still do not use improved drinking water sources that can reduce the spread of contaminants such as fecal matter.[@R4] Sanitation is likewise lacking for 2.4 billion people, 950 million of whom still practise open defecation.[@R5]

Vaccination has been shown to be a cost‒effective, more immediate option for cholera control and prevention.[@R6]^--^[@R8] Two oral cholera vaccines have been available for years, but have not been widely used due to either cost or licensing restrictions. With the availability of lower-cost options, cholera vaccine is increasingly being considered for use in endemic countries or during outbreaks. [Table 1](#T1){ref-type="table"} provides an overview of oral cholera vaccines that are currently, or soon to be, available on the market. Current vaccines are two-dose inactivated vaccines. Several live oral cholera vaccines, including a single-dose vaccine that was recently approved by the United States Food and Drug Administration,[@R9] are currently under consideration for future vaccination policy. A single-dose regimen would have great potential for use in emergency or epidemic situations.

###### Characteristics of oral cholera vaccines currently licensed or pending licensing

  Vaccine                             Dukoral^®^**^a^**                                                                                                                                                                                                          ORC-Vax and mORC-Vax**^b^**                                        Shanchol**^b^**                                                                                                     Euvichol^®^**^b^**                       Vaxchora                                                                                                                                                  Cholvax^®^**^b^**
  ----------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------- ---------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------
  Place of initial licensing (date)   Sweden (1991)                                                                                                                                                                                                              Viet Nam (1997, 2009)                                              India (2009)                                                                                                        Republic of Korea (2015)                 United States (2016)                                                                                                                                      Bangladesh (pending)
  WHO pre-qualification (date)        Yes (2001)                                                                                                                                                                                                                 No                                                                 Yes (2011)                                                                                                          Yes (2015)                               No                                                                                                                                                        No
  Manufacturer                        Developed by SBL Vaccine (Solna, Sweden); now Valneva (Montreal, Canada)                                                                                                                                                   VabioTech (Hanoi, Viet Nam)                                        Developed by Shantha Biotechnics (Hyderabad, India); now Sanofi Pasteur India (Mumbai, India)                       Eubiologics (Seoul, Republic of Korea)   Paxvax (Redwood City, United States)                                                                                                                      Incepta (Dhaka, Bangladesh)
  Additional notes                    Requires buffer for administration. Difficult to use in emergency situations. Has not been widely used apart from traveller's market. Two-dose (≥ 6 years of age) and three-dose (2--5 years of age) inactivated vaccine   Only available for Viet Nam market. Two-dose inactivated vaccine   First low-cost oral cholera vaccine with WHO prequalification for international use. Two-dose inactivated vaccine   Two-dose inactivated vaccine             First live-attenuated oral cholera vaccine composed of *Vibrio cholerae O1 (Inaba)*. Currently indicated as a single-dose regimen for ages 18--64 years   Only available for Bangladesh market. Two-dose inactivated vaccine

WHO: World Health Organization.

^a^ Composed of killed whole cells of *Vibrio cholerae* O1 (classical and El Tor biotypes) and recombinant B-subunit of cholera toxin; requires a buffer solution for administration; recommended for people ≥ 2 years of age.

^b^ Composed of killed whole cells of *V. cholerae* O1 (classical and El Tor biotypes) and *V. cholerae* O139; no buffer for administration; recommended for people ≥ 1 year of age.

In 2011 the first low-cost oral cholera vaccine obtained prequalification by WHO for international use.[@R10] Prequalification certifies the acceptability of a vaccine for purchase by the United Nations Children's Fund (UNICEF) and other United Nations (UN) agencies; the main vaccine procurers for low-income countries.[@R11] In 2013, Gavi, the Vaccine Alliance approved financing of a stockpile of an oral cholera vaccine for use in endemic and epidemic settings. Although the financing (115 million United States dollars) could support a stockpile of 20 million doses over the following 5 years, full capacity could not be achieved due to a short supply of vaccine. Thus, vaccine deployment was low, despite demand for the vaccine.[@R12] To help overcome anticipated supply constraints, the International Vaccine Institute facilitated the transfer of the vaccine technology to a second manufacturer, which led to WHO prequalification of a second affordable oral cholera vaccine for global use in December 2015 ([Table 1](#T1){ref-type="table"}). This has already begun contributing to the global stockpile of oral cholera vaccines[@R12] and is projected to increase the supply significantly in 2017.[@R13] The same manufacturing technology for the vaccine was transferred to a third manufacturer, who is expected to begin production of the first-ever oral cholera vaccine registered and licensed for use in Bangladesh ‒ one of the countries most affected by cholera ‒ in the near future.[@R14]^,^[@R15]

As demonstrated by the creation of the stockpile, global interest in cholera control has increased,[@R16] which should help pave the way to global use, availability and distribution of the vaccine, particularly in low-income countries through the UNICEF and Gavi procurement mechanisms. It is still not known, however, what the demand would be for oral cholera vaccines. Based on experiences from other vaccines, even with increased production capacity, adoption of new vaccines into policy takes time, and actual demand may not meet projected demand. The long-term support for oral cholera vaccines will depend on impact and cost information gathered through 2018.[@R17] The Gavi board will reconvene in 2018 to reconsider its oral cholera vaccine strategy for 2018--2022,[@R18] which could have an impact on the future direction of oral cholera vaccination, including its financing. Moreover, an increased supply will not alleviate vaccine delivery costs, a barrier that many countries in need of oral cholera vaccines face.[@R19] Understanding financing constraints on increased use of oral cholera vaccines will be critical in the coming years, but is a complex issue that is beyond the scope of our report.

Several countries have now used oral cholera vaccine in cholera-endemic settings or hotspots (preventive); cholera outbreaks or epidemics (reactive); or humanitarian emergencies (pre-emptive).[@R10] Over 4.8 million doses of vaccine have been administered in over 21 vaccination campaigns globally from 2011 to 2015, mostly supplied through the global stockpile created in 2013 (Nogareda C, WHO Global Task Force for Cholera Control working group, unpublished data, December 2015).[@R20]

Deploying the vaccine to the right target population, at the right time and place, often in resource-constrained settings, presents many operational challenges.[@R10] In this paper, we describe the lessons learnt from 12 campaigns with complete data, conducted between 2011--2015 ([Table 2](#T2){ref-type="table"}). We focus on the stockpile for use in emergency settings and discuss the three key operational challenges faced with the use of oral cholera vaccines: regulatory hurdles, cold chain logistics and vaccine coverage and uptake. Aside from advising Gavi and WHO, and informing other policy-related decisions, this information may provide guidance for the introduction of oral cholera vaccines in the countries most in need.

###### Oral cholera vaccine coverage as reported by selected campaigns, 2011--2015

  Year       Site, country                                                                                                                                          Setting**^a^**                        Target population, no.   Campaign coverage, no. (%)**^b,c^**   Total doses delivered, no.   
  ---------- ------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------- ------------------------ ------------------------------------- ---------------------------- -----------
  Feb 2011   Dhaka, Bangladesh[@R21]                                                                                                                                Trial, pre-emptive                    172 754                  141 839 (82)                          123 666 (72)                 265 505
  May 2011   Odisha, India[@R22]                                                                                                                                    Trial, pre-emptive                    51 865                   31 552 (61)                           23 751 (46)                  61 919^d^
  Apr 2012   Artibonite department, Haiti[@R23]                                                                                                                     Emergency, pre-emptive and reactive   50 000^e^                45 417 (91)                           41 242 (82)                  86 659
  Apr 2012   Port-au-Prince, Haiti[@R24]                                                                                                                            Emergency, pre-emptive and reactive   51 814                   52 357 (101)                          47 520 (92)                  99 877
  Jun 2012   Forecariah and Boffa districts, Guinea[@R25]^--^[@R27]                                                                                                 Emergency, reactive                   209 000^f^               172 544 (83)^f^                       143 706 (69)^f^              316 250
  Dec 2012   Maban county; Jamam, Doro, Batil and Gendrassa refugee camps, South Sudan[@R28]                                                                        Emergency, pre-emptive                143 438                  130 560 (91)                          128 365 (89)                 258 925
  Jan 2013   Mae La refugee camp in Mae Sot, Tak province, Thailand[@R29]                                                                                           Emergency, pre-emptive and reactive   43 485                   35 399 (81)                           27 658 (64)                  63 057
  Aug 2013   Petite Anse and Cerca Carvajal, Haiti[@R30]                                                                                                            Emergency, pre-emptive and reactive   107 906^g^               113 045 (105)                         102 250 (95)                 215 295
  Feb 2014   Minkaman, Tomping and Juba UN mission compounds, South Sudan[@R31]                                                                                     Emergency, pre-emptive                126 000^h^               79 850 (63)                           60 421 (48)                  140 271
  Feb 2015   Shashemene, West Arsi zone, Ethiopia (Development and Delivery Unit, International Vaccine Institute, unpublished data, July 2015)                     Trial, pre-emptive                    62 161                   47 137 (76)                           40 707 (65)                  87 844
  Mar 2015   Nsanje, Malawi (Development and Delivery Unit, International Vaccine Institute, unpublished data, June 2015)                                           Emergency, pre-emptive                160 482                  156 592 (98)                          109 128 (68)                 265 720
  Aug 2015   Nuwakot and Dhading, Nepal (Epidemiology and Disease Control Division, Nepalese Ministry of Health and Population, unpublished data, September 2015)   Emergency, reactive                   10 084^i^                10 540 (105)                          10 112 (96)                  20 652

UN: United Nations.

^a^ Setting refers to the situation in which the oral cholera vaccine campaign was implemented: trial = a demonstration project or trial; emergency = humanitarian situation to control cholera outbreak or anticipated outbreak; pre-emptive = pre-empting an emergency; reactive = reacting to emergency; pre-emptive and reactive indicates that the campaign was initially planned to pre-emptively vaccinate, but due to various factors became reactive once the campaign was implemented. All campaigns used Shanchol^™^ (Sanofi Pasteur India, Mumbai, India) as it was the only oral cholera vaccine available for use via the global stockpile.[@R17]

^b^ Percentage of target population figures may be more than 100%. In some campaigns, the initial baseline target population figures were based on either government-reported data or project team baseline census data. Therefore, the target population may be an overestimate or underestimate, especially in highly mobile populations. In some cases, individuals outside the campaign catchment area also attended vaccination sites. Percentage coverage was calculated using the target population number as denominator for both first and second doses.

^c^ All coverage is actual number of people who received one and two doses, unless otherwise indicated.

^d^ In Odisha, there were an additional 6616 doses delivered to individuals who attended vaccination sites but resided outside the catchment area. This number is included in the total doses delivered.

^e^ In Artibonite department, the initial census in the target Bocozel area had fewer than the targeted 50 000 people for vaccination; thus, the area was expanded to neighbouring Grand Saline to reach this target. Census figures were not available in the published report and thus 50 000, based on vaccine availability, was used for the coverage calculation.

^f^ A household survey of 5248 people was conducted by the implementers after the campaign to assess the number of people who received first versus second doses based on self-reporting.[@R26] Reported coverage was \> 90% for those who received at least one dose and 76% for those who had two doses. The authors noted that differences from the vaccination records were likely due to an overestimation of the actual population size (*n* = 209 000).

^g^ In Petite Anse and Cerca Carvajal, 200 000 doses were available. Based on the two-dose coverage rates reported by the country, Petite Anse had 80 030 (92%) coverage of its population of 86 989; Cerca Carvajal had 21 754 (104%) coverage of its population of 20 917. However, this results in over 200 000 doses. The total doses delivered here were based on a calculation using the coverage rates reported in the post-vaccination cluster survey to evaluate two-dose coverage in the two areas: 699/1118 (62.5%) in Petite Anse and 621/808 (76.8%) in Cerca Carvajal. The number reported here for total delivered doses is likely to be an underestimate, as it does not account for individuals who received only one dose.

^h^ In the South Sudan February 2014 campaign the target population was based on the doses deployed (252 000) to the area. Because this was a sudden displacement of thousands following a conflict, the exact target population was difficult to estimate. As of March 2014, there were \> 168 000 internally-displaced persons living in the United Nations mission compounds. There was an estimated 84 000 living in Minkamam, Awerial county.

^i^ The second-round coverage calculation used 10 540 (number vaccinated in first round) as the denominator for calculation of coverage.

Regulatory hurdles
==================

A major programmatic difficulty is anticipating the capacity of countries to accelerate the introduction of the oral cholera vaccine. WHO prequalification depends on the ability of the national regulatory authority where the vaccine is manufactured to oversee the vaccine quality based on monitoring of production, quality control and good manufacturing practices. Apart from critical factors such as safety and efficacy, WHO also considers the ability of the vaccine to meet programmatic needs within a country (e.g. ease of administration).

Some countries may accept the use of a vaccine based on licensing in selected other countries; others allow the use of the vaccine under UN or UNICEF procurement processes (i.e. local licensing granted on the basis of WHO prequalification); and still others enforce the need for their own regulatory process for the licensing and use in the country (particularly for a new vaccine). Thus, WHO prequalification does not automatically guarantee the licensing of the vaccine in a country, and the regulatory landscape in this respect is not homogenous.

To further illustrate the circumstances faced by implementers, we describe here the regulatory process in four oral cholera vaccine campaigns where the International Vaccine Institute has been closely involved in procurement, importation and deployment of vaccine ([Fig. 1](#F1){ref-type="fig"}). Timelines for pre-vaccination regulatory and ethical permission submissions, approvals and delays, from the initial decision to plan for mass vaccination to actual implementation, varied widely ([Fig. 1](#F1){ref-type="fig"}).To our knowledge, other studies reviewed and included in [Table 2](#T2){ref-type="table"} have not published vaccine importation and regulatory details and this is a limitation of the current literature.

![Vaccine import timelines (by month) for oral cholera vaccine campaigns conducted in India (2011), Ethiopia (2015), Malawi (2015) and Nepal (2015)](BLT.16.175166-F1){#F1}

Odisha in India was the first site to use oral cholera vaccine in a mass vaccination campaign, in 2011. The vaccine had already been licensed and approved for use in India in 2009[@R22] and, as such, no additional approvals or clinical data were needed.

The situation was different in Shashemene, Ethiopia, where initial discussions between the International Vaccine Institute and the Ethiopian Food, Medicine and Health Care Administration and Control Authority began in January 2013 (Development and Delivery Unit, International Vaccine Institute, unpublished data, July 2015). Protocols and available safety and immunogenicity data had to be submitted to the control authority for approval to use the vaccine, since the vaccine had been developed, licensed and WHO-prequalified in the Asian context, raising concerns about population differences. Because this was a new vaccine in Ethiopia and, by law, the country does not permit the involvement of children in biomedical research, special permission for the clinical study was required. A clinical study (bridging trial) determining the safety and immunogenicity in Ethiopian adults and children was conducted over the course of 13 months. On completion of the study and review of the data, the vaccine was approved for use in the country in November 2014, and vaccinations began roughly 3 months later, targeting individuals aged 1 year and older.

In Malawi, initial campaign planning efforts began in December 2013. In collaboration with the ministry of health and John Snow Inc., the International Vaccine Institute planned to pre-emptively vaccinate 50 000 people in Nsanje district, a particularly high-risk cholera area. Despite the vaccine already being WHO-prequalified, the regulatory authority required that it be registered in the country before use, which took approximately 6 months (Development and Delivery Unit, International Vaccine Institute, unpublished data, June 2015). Normally, full registration approval would need to be obtained from the Malawian Pharmacy, Medicines and Poisons Board, but because of the need for pre-emptive pilot vaccination before the onset of the rainy season, the board fast-tracked a provisional certificate specifically for the vaccination campaign. The provisional product registration certificate was eventually provided in August 2014 for the initial 110 000 doses planned, although lack of an adequate vaccine supply led to additional delays. On 13 January 2015, the President of Malawi declared a state of disaster in 15 districts affected by flooding in the country. The International Vaccine Institute agreed to redirect these doses to respond to the emergency, and a task force (consisting of the International Vaccine Institute, WHO, the Malawi health ministry, John Snow Inc. and Médecins Sans Frontières) was created to guide and plan the implementation of the reactive vaccination campaign. The existing vaccine import permit from the pre-emptive vaccination also facilitated the importation of additional vaccine from the WHO oral cholera vaccines stockpile in March 2015; vaccinations began on 30 March 2015. The Malawi campaign was therefore one of the quickest responses to an active cholera outbreak to date.

In Nepal, oral cholera vaccines had initially been imported into the country in 2014 for a reactive campaign that occurred 5 months after an outbreak in Rautahat district. Vaccinations for this campaign began in the same month (September), although unused doses remained in the country (Epidemiology and Disease Control Division, Nepalese Ministry of Health and Population, unpublished data, September 2015). Following the 2015 earthquake, thousands of individuals were living in camps for internally-displaced persons in Nuwakot and Dhading districts with limited access to WASH measures and medical care, and where the infrastructure was heavily damaged. The unused doses of oral cholera vaccines were successfully deployed to pre-emptively target internally-displaced persons in these two districts approximately 4 months later (in August and September 2015). Since the vaccines were already available in the country, the campaign did not face regulatory barriers to vaccine importation. All campaigns used Shanchol^™^ (Sanofi Pasteur India, Mumbai, India) as it was the only oral cholera vaccine available for use via the global stockpile.[@R17]

The regulatory hurdles described above demonstrate that even with a vaccine that is prequalified by WHO, i.e. meeting international standards for safety, quality and efficacy, there may be unanticipated delays to approval for use and importation. Although the WHO prequalification programme in theory reduces the need for duplicate work by a country's national regulatory authority to import a vaccine licensed elsewhere, the reality is that some countries may require additional registration and clinical data. To address this, WHO is undertaking a major programme to strengthen national regulatory authorities by working with Member States to evaluate and improve regulatory system performance.[@R32] Evidence exists that vaccine adoption by low-income countries may take as long as 20 years, and is a function of several factors: price, political will, cost‒effectiveness and feasibility within a country's existing service delivery networks.[@R33] Although international support for use of oral cholera vaccine is clearly needed, it should be emphasized to country health authorities that a multisectoral, integrated approach that is comprehensive and that also includes surveillance and diagnostics will require strong political commitment.

Even though pushing through a vaccine approval may not be the top priority of a national regulatory authority, country leaders should be made aware of the regulatory processes and typical timelines for vaccine receipt. Experience-sharing among countries may be useful in this regard, particularly to highlight possible obstacles. It is possible that countries may ease their regulatory requirements as oral cholera vaccines become used more widely and as more data on the safety and effectiveness of oral cholera vaccines in different populations are made available. However, the public health community should continue to raise awareness and identify reasons for lack of regulatory support and vaccine adoption to reduce the number of obstacles for timely introduction of oral cholera vaccines.

Cold-chain logistics
====================

Manufacturers recommend storing oral cholera vaccines in cold, between +2 to +8 °C, until they are administered.[@R34] However, this can be close to impossible in low-resource settings, where power supplies are non-existent or unreliable, road conditions are poor and temperatures (outdoors and indoors) regularly exceed +40 °C.[@R22]^--^[@R24]^,^[@R28]^,^[@R29] Limited capacity for storing and transporting the vaccine in continuous cold chain makes daily logistics difficult. Five of the campaigns that we reviewed ([Table 2](#T2){ref-type="table"}) specifically commented on cold chain difficulties in emergency settings (Research and Training Institute, John Snow Inc., unpublished data, May 2015).[@R22]^,^[@R23]^,^[@R25]^,^[@R28]

Campaigns with particularly limited ability to comply with cold chain requirements had to use what was available to maintain the integrity of the vaccine. The reactive campaign in Guinea in 2012 (Forecariah and Boffa districts) demonstrated high levels of short-term protection using a controlled temperature chain whereby vaccines were transported and delivered at ambient temperatures during the day, and unused vaccines that were returned to the cold chain at the end of the day were the first to be used the following day.[@R25] In the South Sudan campaign in 2012, daily dispatches of the vaccines used cold boxes without icepacks (Jamam, Gendrassa and Batil refugee camps) or normal buckets without icepacks (Doro camp). No issues with the stability of the vaccine, as assessed with a vaccine vial monitor were reported.[@R28] The outbreak response vaccination campaign in Haiti in 2012 (Artibonite department) reported that strict cold chain was challenging compared with a non-outbreak situation.[@R23] However, at least two of the campaigns, in Guinea in 2012 and Malawi in 2015, documented that the vaccine quality was not affected by lack of continuous cold chain, according to the vaccine vial monitor (Development and Delivery Unit, International Vaccine Institute, unpublished data, June 2015).[@R26]

Growing evidence shows that oral cholera vaccines can be safely kept outside a cold chain for certain periods of time.[@R25]^,^[@R35] A controlled temperature chain has considerable potential benefits, including cost savings and preventing vaccine damage caused by accidental freezing. More importantly, it makes it easier to vaccinate more people by allowing vaccinators to carry more vaccines at a time, thereby reducing the need to retrieve additional vaccines throughout the day. In a clinical study in Dhaka, Bangladesh, the vaccine was found to be stable at elevated temperatures (up to +42 °C) for up to 14 days, and the safety and immunogenicity in study patients were similar to those in the control group who received vaccines kept at the recommended temperature.[@R35] Further studies on safety and immunogenicity in out-of-cold-chain conditions in various settings could provide more evidence for expanding the use of oral cholera vaccines. WHO has also started consultations with some regulatory agencies to clarify what type of studies are required to demonstrate when a vaccine can be safely used at ambient temperatures, prioritizing cholera and other campaign vaccines.

Vaccine coverage and uptake
===========================

Delivering the two-dose oral cholera vaccine according to the recommended regimen presents additional challenges. Cholera vaccine campaigns must often take place concurrently with routine expanded programme on immunization (EPI) vaccinations or other public-health initiatives such as nutrition days. All the campaigns we reviewed planned their vaccination teams and site strategy (e.g. mobile, fixed, door-to-door) based on knowledge of the local context. However, vaccination administration compliance still differed widely between campaigns ([Table 2](#T2){ref-type="table"}).

In the Thailand campaign in 2013, vaccinations took place in the Mae La refugee camp (bordering Myanmar) where there have been recurrent cholera outbreaks since 2005. Working-age males aged 15--64 years had the lowest coverage, suggesting that future campaigns should take note of suitable times to vaccinate working-age adults. Low second-round coverage was explained by migration in and out of the camp due to seasonal work.[@R29] The implementers (Thailand public health ministry and Première Urgence--Aide Médicale Internationale) also noted that high coverage in the first round may have been due to rumours in the camp that receiving the vaccination would increase the likelihood of resettlement. These circulating rumours had been dispelled by the second round.

The three campaigns in Haiti in 2012‒2013 had relatively high vaccine coverage, as compared with the other campaigns.[@R23]^,^[@R24]^,^[@R30] These campaigns received support from the government as well as from local partners, such as the Group for the Study of Kaposi's Sarcoma and Opportunistic Infections who served as the implementing partner in the Port-au-Prince campaign.[@R24] The group has had a major presence in the country for more than 30 years, and their knowledge of the population and close collaborations with the Haitian Ministry of Health and Population likely contributed to its higher coverage rates in the Port-au-Prince campaign.[@R24] In the campaigns in Artibonite[@R23] and Petite Anse and Cerca Carvajal,[@R30] strong local partners also contributed to high coverage. Similarly, in Nepal, even with vaccine delivery challenges due to natural disasters, the government improved compliance and reach by quickly galvanizing the support of female community health volunteers who play a critical role in health-care delivery (Epidemiology and Disease Control Division, Nepalese Ministry of Health and Population, unpublished data, September 2015).

Other campaigns varied in their reasons for moderate-to-low vaccine administration compliance. The South Sudan campaign in 2014 following a humanitarian crisis had low coverage compared with other campaigns in part due to overcrowding in camps. Crowding and security concerns made it difficult to administer the second dose to internally displaced persons who may have moved between camps or to other areas in the country.[@R31] In the Malawi campaign in 2015, following official declaration of a disaster (Development and Delivery Unit, International Vaccine Institute, unpublished data, June 2015), the two-dose vaccination campaign was planned to reach the highest cholera risk area. However, because flooding had receded by the time of the second-round vaccination, many of the first-round vaccinated individuals had left the camp and gone back to farming activities, thus illustrating the challenges of reaching high-risk, mobile populations.

Low coverage of two vaccine doses is an issue faced by nearly every campaign that has used oral cholera vaccine. During outbreaks, particularly in the context of humanitarian emergencies where thousands of people are displaced, delivery of the second dose 14 days following the first dose is challenging. One randomized controlled trial in Kolkata, India, measured the immune response in 356 individuals who received oral cholera vaccine at the recommended 14-day dosing interval or at 28 days. There was no statistically significant difference in immune response for each *Vibrio cholerae* subtype in the two groups (*P* = 0.63--0.94),[@R36] suggesting that longer dosing intervals may be just as effective. Additional studies are needed to examine whether even longer intervals are also possible. While probably not suitable for reactive campaigns, longer schedules may be particularly useful to increase flexibility of use in cholera endemic populations and internally displaced persons. However, understanding the effectiveness of longer cholera vaccination schedules will require further immunogenicity and feasibility studies.

The effectiveness of a single-dose of oral cholera vaccine is also an area for further assessment. A randomized placebo-controlled clinical study is ongoing in Bangladesh to assess the efficacy of a single dose of vaccine in 102 552 individuals compared with 102 148 who received the placebo over 6 months, 1 year and 2 years' follow-up. The 6-month results demonstrated a vaccine efficacy of 40% against cholera overall (0.37 versus 0.62 cholera cases per 1000 persons; *P* = 0.01) and up to 63% (0.10 versus 0.26 cholera cases per 1000 persons; *P* = 0.007) against severely dehydrating cholera.[@R37] Vaccine efficacy was lower (16%) in children aged 1‒4 years (among 10 211 vaccinated compared with 9765 control children). However, no published data are available on the use and effectiveness of a single-dose regimen in outbreak settings, though there may be forthcoming data from Lusaka, Zambia, where a recent outbreak occurred (April 2016) and the single-dose strategy was pursued.[@R38] A modelling study of the single-dose scenario found that vaccinating more people using a single dose may avert more cases and deaths than a two-dose campaign for the same amount of vaccine deployed;[@R39] observational data are still needed to further validate and support this strategy. While protection may be lower than receiving the full two-dose regimen, single-dose studies may provide evidence for use of oral cholera vaccines that reflect the realities of the targeted populations in need.

Finally, with regards to vaccine compliance, oral cholera vaccine campaigns sometimes take place while EPI vaccination programmes (e.g. oral polio vaccine and measles booster) or other community or religious activities are underway. Planners heed to consider this, to minimize interference with scheduled vaccination campaigns. For example, in India, ongoing routine public health activities caused the campaign to be cut to 3 days per round (instead of 10).[@R22] Similarly in Malawi, a concurrent measles vaccination round resulted in the second round of cholera vaccination being delayed (Development and Delivery Unit, International Vaccine Institute, unpublished data, June 2015). At present, no evidence exists about an interaction between oral cholera vaccines and other orally-administered vaccines,[@R40] although in South Sudan during the Minkaman campaign in 2014, the second dose of oral cholera vaccine was co-administered with the conjugate meningococcal A conjugate vaccine (further data regarding safety or immunogenicity are not available).[@R31] Previous studies have demonstrated that immunogenicity is not compromised when the oral rotavirus vaccine is co-administered with the oral polio vaccine,[@R41] although the two-dose oral cholera vaccine is a killed oral vaccine that is unlikely to interfere with the routine vaccinations currently administered in existing programmes.[@R40] Clinical data need to be generated to address any concern of immunological interference.

The path forward
================

The arrival of new oral-cholera vaccine manufacturers onto the global market will ease supply issues, but additional regulatory support and evidence on novel uses of the vaccine would aid the introduction and delivery of vaccines to countries in need. Countries' demand for oral cholera vaccine is anticipated to increase, but it will be important to continue identifying policies that facilitate improved acceptance and distribution of the vaccines. Determining the right time and place to use vaccines will continue to be an area of focus as more evidence is collected. Overcoming cold chain and vaccine administration compliance issues will require strong local public health infrastructures and the expertise and support of public health officials. Meanwhile, innovative uses of the vaccine should be tested in the field and rigorously assessed.

Unfortunately, it is often not until an outbreak occurs that concentrated efforts are taken to quickly contain transmission. Oral cholera vaccines may provide a short- to medium-term path to a more comprehensive control package that integrates essential cornerstones of cholera prevention and control, such as the strengthening of WASH measures and effective treatment and surveillance systems. In the long-term, improving WASH will be critical to eliminating cholera, but in the meantime, additional planning needs to be made and consideration taken for using oral cholera vaccines as a complementary measure. We do not yet have a firm grasp on the most effective way to integrate the two measures, but by continually collecting and reviewing the evidence on oral cholera vaccines use, we may better understand the appropriate balance of investments into WASH, oral cholera vaccines and other interventions.
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